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^ (57) Abstract: A power amplifier is provided with a novel triangle wave generator (4) in which a more precise triangle wave is 
produced with the aid of logic circuits. The resulting generator (4) is able to operate at higher frequencies. A fast current sensing 

Q arrangement is then required for protecting conditioning circuitry (40) against over-current. This is achieved with a combination of 
a sensing coil (20) sensing the transistor current through conductor (30). The resulting amplifier can be powered by DC and used to 

^ amplify a sine wave for DC to AC conversion. 
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Improvements in and relating to triangle wave generators and power amplifiers 



The present invention relates to the generation of triangular waveforms, to power 
amplifiers such as those used for audio amplification, and to DC to AC power 
generators including a power amplifier. 

Known Class D power amplifiers for audio amplification typically compare the 
incoming audio signal with a higher frequency triangular waveform to generate a 
pulse width modulated signal The accuracy of the triangle waveform in terms of 
slope linearity and precision of the peaks and troughs is critical to the operation 
of the amplifier. Inaccuracies are generally worse the higher the frequency and 
therefore the frequency range of amplifiers is limited. As a result, high frequency 
components of the audio signal may be inaccurately reproduced. 

To minimise the distortions of the triangle waveforms at higher frequencies current 
triangular waveform generators limit the amplitude of the triangle wave. This 
makes errors in the pulse width modulated signal due to input signal noise more 
significant and hence, degrades the replication of the input signal. US-A4539693 
discloses a bit synchronisation arrangement for a data modem including an 
oscillator supplying a triangular internal signal. Here the output of an integrator 
is supplied to a comparator and the output of the comparator is fed back to the 
integrator via an inverter provided to improve the linearity of the comparator 
signal The comparator and inverter together form a bistable circuit. 

The improvements suggested below enable high amplitude, high linearity and high 
frequency generation of triangular waveforms. 

One aim of the present invention is to provide a triangle wave generator which 
produces an accurate triangular waveform. 
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Thus, one aspect of the invention provides a triangle wave generator comprising 
a comparator and an integrator the output of the comparator being supplied to the 
integrator and the output of the integrator being supplied to the comparator 
whereby the output of the comparator is a square waveform and the output of the 
integrator is a triangular waveform, wherein the output of the comparator is 
supplied to the integrator via one or more bistate devices such as one or more logic 
gates, possibly CMOS devices. The dev,ces are preferably arranged in a non- 
inverting configuration. The output of the integrator may be supplied to DC offset 
adjustment means comprising a variable resistor for example. 

Means may be provided for adjusting the mark to space ratio of the triangular 
waveform, preferably also in the form of a variable resistor. One or both of the 
variable resistors may be laser trimmed to provide the exact required 
characteristics. 

The present invention also provides an amplifier and a power converter including 
the aforesaid triangle wave generator. 

A more accurate triangle wave generator is able to operate at higher frequencies. 
However, higher frequencies place more demand on the amplifier switching 
circuitry and thus it is desirable to provide a fast acting current sensor for use in 
protecting the circuitry against over current. 

Thus, another aspect of the present invention provides an amplifier comprising 
signal conditioning circuitry including at least one transistor, in which means are 
provided for sensing the current through the transistor, said current sensing means 
comprising an inductor positioned adjacent to a conductor carrying the current to 
be sensed and an integrator arranged to integrate the current. 
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As calculations to be presented below will show, the integrator should preferably 
be arranged to integrate the current flowing through the inductor for a time greater 
than the turn-on time of the transistor whereby to obtain a measurement of the 
voltage induced in the inductor. This voltage is related to the current flowing 
through the conductor. 

The inductor may be a single conductive loop. Thus, the current sensing 
arrangement comprising inductor and conductor can be readily printed on a circuit 
board. As noted above, the purpose of the current sensing is to protect against 
over current in the switching circuitry and thus means are preferably provided for 
switching off the amplifier in the event that the output from the integrator exceeds 
a predetermined threshold. Such means may produce an inhibit signal which is 
supplied to the switching circuitry. 

An amplifier as described above, preferably including the novel triangle wave 
generator, may be used in DC to AC power conversion. 

Thus, another aspect of the invention provides a power converter for generating 
an AC voltage from a DC supply comprising a sine wave generator operating at 
the desired frequency of the AC voltage, a triangle wave generator operating at a 
higher frequency than the sine wave generator, means for mixing the outputs of 
the sine wave and triangle wave generators to produce a pulse width modulated 
signal at the higher frequency, an amplifier for amplifying the pulse width 
modulated signal and a filter for filtering out the higher frequency. 

Such a power converter could be used in numerous applications including, in 
particular, generation of a mams frequency AC voltage from a DC source such as 
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a battery. Thus, a power converter according to the invention could be used in a 
portable power supply for equipment normally operated from the mains. Such a 
portable power supply would typically include a step-up transformer positioned 
between the output of the amplifier and the input to the filter. As a result, the 
transformer would be operating at the higher frequency of the triangle wave. 

There have been numerous previous proposals for generating AC voltage from a 
DC supply. Examples are shown in GB 22483 19A and WO-A-8 8/068 14. Neither 
of these previous proposals suggests carrying out the amplification and 
transformation at a modulated frequency. This has many advantages. The 
preferred operation frequency is above 100 kHz. Operation at lower frequencies, 
such as frequencies below 100 kHz, means that the step-up transformer used is 
lossy. The inductance of the transformer primary winding is proportional to the 
frequency and the square of the number of turns per unit length. Hence, at low 
frequencies for a given inductance (input impedance seen by the power converter) 
more turns are required. However, the magnetic flux density induced in the 
transformer core is also proportional to the number of turns per unit length and the 
current through the primary winding. If the number of turns increases the flux 
density increases and so do the power losses in the core (due to eddy current etc). 
Also, with more turns the Joule heating in the primary windings increases. To 
keep the transformer from melting at high power levels (a power converter 
according to the present invention can produce power levels of 10 kWs or more) 
a higher frequency is preferably used for the modulation (triangle wave) and 
preferably a small compact high efficiency (low power loss) transformer core 
(typically but not exclusively soft ferrite based). Such transformer cores produce 
about 1000 times less power losses and hence less heat. The lower number of 
windings means shorter wires and less Joule heating. It is also possible, in 
accordance with the present invention, to use several transformers in parallel 
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whereby to reduce the input current to each transformer and hence the core losses 
(due to lower flux density) and Joule heating. The use of parallel transformers 
means that the power output capability can be incremented indefinitely. 

All linear amplifiers and current digital amplifiers produce a small amount of noise 
when there is no signal being amplified. This signal can be from the power 
amplifier or from the other components of the audio system such as the graphic 
equaliser / mixer or tape, CD, tuner or record decks. Another aspect of the current 
invention is the control and elimination of this unwanted signal typically called 
'Hiss'. With the inherent low noise of the amplifier (due to precision of triangle 
wave etc.) it is possible to implement controls to reduce or eliminate this effect. 
It would be pointless implementing such controls on a noisy amplifier as any input 
noise that is cancelled would be swamped by the noise generated by the amplifier. 

Thus, another aspect of the invention provides an amplifier comprising signal 
conditioning circuitry for increasing the amplitude of an input signal, wherein the 
input signal is supplied to a thresholding circuit and the thresholding circuit 
supplies a disabling signal to the signal conditioning circuitry in the event that the 
magnitude of the input signal is below a first threshold. 

Embodiments of the invention will now be described by way of example only and 
with reference to the accompanying drawings in which: 

Figure 1 is a block circuit diagram of a typical amplifier as known in the art; 

Figure 2 is a circuit diagram of a novel triangle wave generator for use in the 
amplifier of Figure 1; 
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Figure 3 illustrates a trace of a triangle wave produced by the circuit of Figure 2: 

Figure 4 illustrates a least squares fit analysis of the triangle wave of Figure 3; 

Figure 5 is a diagram of the magnetic field produced by a current flowing through 
a wire for the purpose of explaining the novel current sensing means of an 
amplifier according to the invention; 

Figure 6 illustrates the traditional method of sensing current for a single transistor 
amplifier; 

Figure 7 illustrates a current sensing means suitable for use in an example of 
amplifier according to the invention; 

Figure 8 illustrates a possible fabrication of the current sensing means of Figure 

7; 

Figure 9 shows a well-known "H-bridge" transistor configuration; 

Figure 1 0 is a graph of a typical output pulse for a 2 A current in a conductor with 
a sense coil 2mm in diameter, 2mm from the conductor; 

Figure 1 1 is a circuit diagram of an embodiment of amplifier according to the 
invention; 

Figure 12 is a circuit diagram of anti-hiss circuitry suitable for use with the 
amplifier of Figure 11; 
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Figure 13 is a circuit diagram of a power converter incorporating the amplifier 
circuit of Figure 10; and 

Figure 14 is a perspective view of a proposed power generator incorporating the 
circuit of Figure 10. 

Referring firstly to Figure 1, in a typical amplifier, an audio source 1 is amplified 
by amplifier 2 and compared in a comparator 3 with the output of a triangle wave 
generator 4 amplified by amplifier 5. The output of comparator mixer 3 is a pulse 
width modulated signal. The output of the comparator 3 is inverted by inverter 6 
and the inverted and non-inverted output of the comparator 3 are supplied to signal 
conditioning circuitry 7 powered by power supply 8. In order to protect the signal 
conditioning circuitry from over current, signal sensing circuit 9 senses the current 
output from signal conditioning circuitry 7 and provides a feedback signal to 
circuitry 7 whereby to shut off the power in the event of over current. 

One of many factors which limits the ability of an amplifier to faithfully reproduce 
the input waveform is the accuracy of the triangular waveform produced by the 
triangular wave generator 4 with which the input waveform is mixed. Figure 2 
illustrates a novel triangle wave generator which produces a more precise 
triangular waveform than has been achieved hitherto. 

As with a conventional triangle wave generator, an integrator based on operational 
amplifier IC3 A produces a triangular waveform which is then supplied to a second 
operational amplifier 1C3B configured as a comparator. Comparator IC3B 
produces a square wave from the output of integrator 1C3A and this is then fed 
back into the integrator 1C3 A to produce a triangular waveform. The accuracy and 
linearity of the final triangle wave is determined by how clean and sharp is the 
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square wave produced from comparator 1C3B. In practice, the comparator IC3B 
cannot respond instantaneously and hence, the vertical edges of the square wave 
do not rise sharply at 90° but at a lesser angle. On the top of the square wave the 
transition from the vertical to horizontal edges should again ideally be 90°. In 
practice, there is a rounding off of the transition or if the comparator does not 
settle, it can overshoot and then under shoot until it settles at the higher level of 
the square wave. These deficiencies in the basic square wave are transformed into 
non-linearities in the triangle wave and either "rounding over" or excessive 
"peaking" at the transitions between the positive and negative slopes of the 
triangle wave. When such a basic triangle wave is used as a basis for an amplifier, 
then the incoming signal is severely distorted by the amplifier. The triangle wave 
would only be usable over a limited proportion of its range and typically the 
triangle wave frequency would have to be limited. 

To overcome the deficiencies of the basic triangle wave generator, the circuit 
shown in Figure 2 uses two logic gates IC4A and IC4B. These logic gates are 
designed to swing between equal positive and negative supply voltages at high 
speed with minimum overshoot or rounding. The resulting "cleaned-up" square 
wave gives an improved reference that produces a more precise triangle wave. 
In the illustrated example, two CK40S AND gates are used. Two are provided in 
order to cancel the inversion caused by only one. Any other bistate device could 
be used. Such devices are non-linear and rapidly switch between states. The 
result is a more precise square wave with no rounding, overshoot and minimum 
slew. 

Figure 3 shows a. trace of the triangle wave as produced on an oscilloscope. 
Figure 4 illustrates the residuals from a least squares fit of a straight line to the 
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positive slope, from which the linearity of the trace is evident. The residuals show 
a random distribution which is mainJy due to. the measuring instruments used. The 
worst case deviation from a straight line is less than 0.5%. 

Referring back to the circuit diagram of Figure 2, a further amplifier based on 
1C5A is used to amplify the triangle wave. A variable resistor VR1 connected to 
the non-inverting input of IC5A is used to adjust and cancel out any DC offsets. 
A further variable resistor VR2 connected to the non-inverting input of ICS A is 
used to adjust the mark to space ratio and hence ensure that the positive slope is 
equal and opposite to the negative slope. Having the offset adjustment separate 
from the triangle and square wave generators ensures that the offset and mark to 
space ratio adjustments are independent. Variable resistor VR1 and/or variable 
resistor VR2 may be laser trimmed during manufacture for greater precision of the 
triangle wave. 

An important advantage of this design of triangle wave generator is its ability to 
operate at high frequencies. A general characteristic of triangle wave generators 
is that departures from the accurate triangular waveform are more significant at 
higher frequencies. Therefore, the more accurate the waveform, the more suitable 
is the generator for operation at high frequencies. For an audio amplifier with a 
flat passband from 20Hz to 20kHz ? the switching frequency needs to be at least 
1 00 kHz and ideally greater than 200 kHz otherwise the higher frequency response 
of the amplifier will be degraded. The triangle wave generator described above 
operates satisfactorily in the frequency range above 200kHz. In fact one design 
has been run with standard comparators in excess of 1 MHz. However, as the 
frequency is increased, the demands placed on the other parts of the amplifier 
circuit, in particular the signal conditioning circuitry 7, becomes more severe. 
Therefore, a flexible and fast responding current sensor is necessary and one such 



SUBSTITUTE SHEET (RULE 26) 



WO 01/03299 PCT/GBOO/02542 

- 10- 

sensor will be discussed in more detail below. 

Figure 5 illustrates the well-known phenomenon whereby a current flowing 
through a wire generates a magnetic field surrounding the wire. The size of the 
magnetic field is related to the size of the current. Thus, if the magnetic field 
could be accurately measured, this would be a useful method for current sensing. 

Ampere's law relates the magnetic field and the current as follows: 



B.lnr = ~ 
sc~ 

Where r is the radial distance from the centre of the conductor. 

£ is the permittivity of free space (assume measurement in air). 
1 is the current flowing in the conductor, 
c is the speed of light (assume in vacuo). 



Then Atztec- 

From the above it is evident that the induced magnetic field at a given distance 
from the conductor is directly proportional to the current flow in the conductor. 
If a single coil of wire is placed adjacent to the conductor such that the radial 
magnetic field cuts through the area of the coil then a voltage will be induced in 
the coil and associated circuitry. The relationship between the induced emf and the 
field is given by Faraday's law. 
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where f is the induced emf 

^ is the magnetic flux through the single coil 
/ is the time 

Hence, the induced emf is proportional to the rate of change of magnetic flux 
through the single coil. The flux through a coil is the measure of the magnetic field 
strength i.e. density of field lines, such that: 

$ e $B • nda 

inside _ a 

where n is a vector normal to the area inside the coil 

The integral is over the area of the coil a. 

Then, if the coil is positioned such that the coil subtends the radial field normally 
the flux can simply be written as: 

<f> = B.a 

and the induced emf can be related to the radial field induced by the current 
flowing in the conductor by: 

t = -ci- 
cf 

The area of the coil is constant, so the induced emf and current flowing in the 
conductor is given by: 
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2a 61 



One problem with the above relationship is that the induced emf is proportional 
to the rate of change of current, not directly to the actual steady state current. 

However, this problem can be easily overcome when the current is flowing 
through the output stage of a transistor based amplifier, as the following 
explanation will show. 

Figure 6 illustrates a single transistor amplifier. 

Here, a positive input signal applied to the drive terminal S3 will turn on (start 
conducting) the transistor Ql and current will flow from the rail supply V+, SI 
down to ground GND, S2. To monitor the current from SI to S2 when the 
transistor is turned on the traditional method places a small value resistor in series 
with the lower transistor connection (source in this example) and ground. By 
Ohm's law the current flowing through this resistor generates a voltage across the 
resistor and this voltage is then amplified and used as a current measure. The 
current is related to the measured voltage by the simple expression: 




where V is the measured voltage 

R is the sense resistor value 

A is the gain of the circuitry used to condition the voltage 
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generated across the sense resistor. 

This approach has a number of inherent disadvantages which are: 

Dissipates power - inclusion of the resistor adds a load and reduces the overall 
efficiency of the system. 

Low value resistors can be troublesome - to reduce the power dissipated the 
resistance value is kept low, these values can be difficult to reproduce reliably 
(including stray resistance). 

Couples supply noise to control circuits - if the load is highly inductive the 
inductive noise spikes are coupled back to the control circuits. 

One feature of the above circuit is the series resistor from S2 to the control 
junction of the transistor (in this case the gate). This resistor in conjunction 
with the input capacitance of the transistor limits how fast the transistor can be 
turned on. Hence, because the rate that the transistor is turned on is controlled, 
the rate of change of current through the conductor from the low terminal of the 
transistor (source in this example) to ground is also controlled. Then, from 
equation (A) above, if the signal induced in the sense coil is amplified and 
subsequently integrated for a time greater than the turn-on time of the 
transistor, the result is a voltage related directly.to the current flowing through 
the conductor independent of the rate of change of cuirent. 

A complete signal sensing circuit is illustrated in Figure 7. The circuit begins 
with the basic single sense coil 20 which detects the magnetic field from the 
current as the output amplifier is switched on. The initial impulse signal is first 
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amplified by amplifier 21 and then integrated by integrator 22 as described 
above to produce a signal related to the current and independent of the rate of 
current change. The integrated signal is then compared in comparator 23 with a 
reference threshold from reference generator 24 such that if the measured 
signal is greater than the threshold a pulse is output from the comparator. 

' Because the switching amplifier configuration switches within the period of the 
triangle wave, the output current is repeatedly sampled on each pulse output of 
the amplifier (in effect 100,000s times per second). To produce a broader pulse 
that will shut down the amplifier output on each turn-on cycle the current sense 
signal is fed into a monostable 25. This gives the ability to shut down the 
amplifier output when an over current is detected for one triangle wave period 
or multiple triangle wave periods. The signal from the monostable 25 is fed 
directly to the inhibit input of the output transistor drive circuitry. 

For high current applications where local amplification is used there is 
sufficient sensitivity afforded by a single coil. The single coil has other benefits 
namely: 

It has minimum inductance and hence, will be fast responding (this is an 
important feature for the control function). 

It dissipates no significant power and hence, is ideally suited to high current 
sensing applications. In fact, the sensitivity of the method increases with 
increasing current being sensed. 

The single coil is easy to fabricate in all substrate manufacturing technologies. 
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It is easy to fabricate the coil such that it is sandwiched between two ground 
planes which minimises any local electrostatic noise coupling. 

It occupies minimal space. 

It is achieved with virtually no additional cost to the overall control circuits. 

A practical arrangement of the current sense coil and the current carrying 
conductor is shown in Figure 8. 

The single sense coil 20 is printed adjacent to the current carrying conductor 30 
on a base substrate layer 3 1 . Conducting vias 32 connect the coil 20 through 
second substrate layer 33 to conductive tracks 34 leading to electronic 
processing circuitry as shown in Figure 7. Top and bottom metallisation layers 
35, 36 minimise electrostatic noise coupling. 

In the illustration a simple laminar substrate technology such as standard multi- 
layer PCB or direct bonded copper (DBC) substrate is shown. The technique is 
applicable to other substrate technologies such as ceramic thick film hybrids. 
With a hybrid the secondary substrate layer is replaced with a screen printed 
glass insulating layer over the coils. A further metallisation layer can then be 
screen printed over the glass layer. Similar processes can be adopted to 
fabricate the structure using thin film deposition or other methods. The 
electronic processing circuitry is omitted here for clarity. 

In the current version of the amplifier the signal conditioning circuitry is built 
using discrete transistors which affords low cost and a rapid speed of response 
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(this is not an essential requirement but it produces the maximum benefit from 
this method). The pulse current monitor can respond in a time period 
approaching 100ns. This is equivalent to the switch-on time of the output 
transistors. Therefore the current monitor can respond effectively 
instantaneously to an over-current condition. 

With the combination of output transistors used in the classical 'H bridge 5 
format, the transistors are switched on in 'high' and 6 low ? side pairs as shown 
in Figure 9. 

In the H bridge switching circuit 40, to produce bi-directional current flow 
through the load (across OUT 1 and OUT 2) the output transistors are operated 
in pairs. If TR1 and TR4 are one pair, and TR2 and TR3 are the other pair. The 
transistors in each pair should be switched on and off simultaneously. 
However, due to component manufacturing tolerances there will be a slight 
imbalance in the turn-on and turn-off times of each transistor. This will be 
apparent at high switching rates. This can mean that one transistor in a pair 
could still be switched on when the other pair of transistors are being turned on. 
In this condition 'shoot through' occurs and a very large, direct current flows 
between the transistors independent of the load. Due to the inherent high speed 
of response the single coil current sensor can monitor and react to this 
condition shutting down the drive to the MOSFET. 

A typical output pulse is shown in Figure 10 for a 2 A current in a conductor 
with a sense coil 2mm in diameter, 2mm from the conductor. 

The signal above shows the response to the pulsed current after sensing by the 
coil and initial amplification. 
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Figure 1 1 illustrates an example of an audio amplifier according to the present 
invention. Components already described above have been given like reference 
numerals and will not be described again herein. Comparing Figure 1 1 to 
Figure 1, it will be noted that the signal sensing circuit 9 has been replaced by 
the circuit of Figure 7. The signal conditioning circuitry comprises the H 
bridge switching circuit 40 together with a pair of MOSFET drive circuits 41, 
42. The signal conditioning circuit comprising components 40, 41, 42 requires 
only a unipolar power supply from power supply converter 50 , Power supply 
converter 50 includes a small regulator, not shown, to provide a small negative 
voltage for components 2, 3, 4, 5 and 6. The high efficiency of the amplifier as 
a whole resulting from the improvements described above means that only a 
unipolar input supply is required by converter 50. 

The circuit of Figure 1 1 would be suitable for driving a loudspeaker of a sound 
system. The audio source 1 could be taken from a CD, radio, microphone, 
record, tape source etc. at a signal level of up to I V peak to peak. The signal 
could then be amplified and using just one amplifier module up to 1000W of 
audio power can be used to drive the output speaker(s). 

In practice, a filter, not shown, would filter out the modulation frequency 
before the outputs from the circuit 40 were supplied to loudspeakers. 

Figure 12 is a block diagram including the anti-hiss circuitry for use with an audio 
amplifier. The output from differential amplifier 2 (see Figure 1 1) is coupled to 
a high gain amplifier 70. This boosts the signal amplitude such that any input noise 
is easily resolved. The signal is then full wave rectified by rectifier 71 such that 
only the magnitude not the polarity of the signal is determined. This function 
ensures that the circuitry responds equally to positive or negative noise signals. 
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The magnitude signal is then coupled to a sample and hold, peak value circuit 72. 
This circuit is arranged such, that the response to the input signal is effectively 
instantaneous, but then holds the peak value of the signal for a pre-determined 
period of time. This time period is the delay before the anti-hiss correction is 
activated. The signal is then coupled to a comparator 73 which compares the 
signal level with a threshold level supplied from threshold generator 74. The 
threshold could be a simple voltage reference or could be dynamically adjusted 
such that for different tracks of audio sources the threshold level is varied. If the 
sampled signal is below the threshold the output from the comparator 73 disables 
the drive to the power output stage of the amplifier. Because the output stage 
comprising a classic 'H bridge' is fully disabled then no signal is produced by the 
amplifier and no hiss will be coupled to the speaker network. 

Another feature of this scheme is that an additional comparator can be used to 
detect that the signal is below a higher threshold level. If the signal is above this 
second threshold the input amplitude will be too high. In this case either the drive 
is disabled to prevent speaker damage or additional gain control circuitry could be 
used (not shown on diagram) to reduce automatically the input signal level. In 
conventional amplifiers this scenario is typically handled by allowing the input 
signal to clip which produces distortion and is not sympathetic to the 
loudspeakers. In addition the operation of the mosfet drivers are delayed for a few 
seconds during power up to prevent surges from reaching the speakers. 

With the capability to produce a single supply, highly efficient low distortion 
amplifier with an integral current monitor, other applications become feasible. 
One such application is a power conversion module that takes a DC voltage and ' 
produces an AC output. An illustration of a power conversion circuit is shown in 
Figure 13. In Figure 13 ? the audio input 1 has been replaced by a precision sine 
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wave generator 60. The output from the switching circuitry 40 could be supplied 
to a transformer 65 followed by filtering at filter 66 to filter out the amplitude 
modulation frequency of triangle wave generator 4. The output from the filter 66 
is a high voltage replica of the original sine wave from sine wave generator 60. 

The circuit of Figure 13 could be used in numerous applications where it is 
required to generate AC voltages from DC supplies. Other applications include 
generation of mains supplies from renewable energy sources (fuel cells, wind 
solar, tidal) 

AC traction from DC power sources, 
Generation of low distortion mains supplies 
Portable mains supplies. 

The final example listed above could comprise a battery powered power supply 
providing an output voltage which replicates the AC mains supply. In this case 
generator 50 would generate a sine wave at 50 Hz. Figure 13 is an example of 
what such a power supply might look like. 

Figure 14 simply illustrates a box 100. Inside the base of the box would be one 
or more batteries. These could be lead-acid car batteries or other rechargeable 
power cells. Potted into the lid of the box would be the power converter 
including the output transformer. The mains connector on top of the box could 
have an integral residual current circuit breaker fitted and would ideally be 
sealed to prevent water ingression in use. 
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Claims: 

1 . A triangle wave generator comprising a comparator and an integrator, the 
output of the comparator being supplied to the integrator and the output of the 
integrator being supplied to the comparator whereby the output of the comparator 
is a square waveform and the output of the integrator is a triangular waveform, 
wherein the output of the comparator is supplied to the integrator via one or more 
bistate devices. 

2. A triangle wave generator as claimed in claim 1 wherein the bistate device(s) 
is/are arranged in a non-inverting configuration. 

3. A triangle wave generator as claimed in claim 1 or 2 wherein the bistate 
device(s) is/are CMOS device(s). 

4. A mangle wave generator as claimed in any preceding claim in which the 
bistate device(s) is/are logic gates(s). 

5. A triangle wave generator as claimed in claim 4 in which the logic gate(s) 
is/are AND gate(s). 

6. A triangle wave generator as claimed in any preceding claim in which the 
output of the integrator is supplied to DC offset adjustment means. 

7. A triangle wave generator as claimed in claim 6 in which the DC offset 
adjustment means comprise a variable resistor. 
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A triangle wave generator as claimed in any preceding claim in which 
are provided for adjusting the mark/space ratio of the tnangular waveform. 



means 



9. A triangle wave generator as claimed in claim 8 in which said adjustment 
means comprise a variable resistor connected to the input of the integrator. 

10. An amplifier includmg a triangle wave generator as claimed in any preceding 
claim. 



11. A power converter mcluding a mangle wave generator as claimed in any 
preceding claim. 

12. An amplifier comprising signal conditioning circuitry including at least one 
transistor, in which means are provided for sensing the current through the 
transistor, said current sensing means comprising an inductor positioned adjacent 
a conductor carrying the current to be sensed and an integrator arranged to 
integrate the current. 

13. An amplifier as claimed in claim 12 in which the integrator is arranged to 
integrate the current flowing through the inductor for a time greater than the turn- 
on time of the transistor. 

14. An amplifier as claimed in claim 12 or 13 in which the inductor is a s.ngle 
conductive loop. 

15. An amplifier as claimed in claim 12, 13 or 14 in which the inductor and the 
conductor are printed on a substrate. 
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16. An amplifier as claimed in any of claims 12 to 34 including means for 
switching off the amplifier in the event that the output from the integrator exceeds 
a predetermined threshold. 

1 7. An amplifier as claimed in any of claims 12 to 14 including a triangle wave 
generator as claimed in any of claims 1 to 5 providing a carrier signal for a signal 

. to be amplified. 

18. A power convenor including an amplifier according to any of claims 12 to 17. 

19. A power convenor for generating an AC voltage from a DC supply 
comprising a sine wave generator operating at the desired frequency of the AC 
voltage, a triangle wave generator operating at a higher frequency than the sine 
wave generator, means for mixing the outputs of the sine wave and triangle wave 
generators to produce an pulse width modulated signal at the higher frequency, an 
amplifier for amplifying the pulse width modulated signal and a filter for filtering 
out the higher frequency. 

20. A power convenor as claimed in claim 19 including a DC source supplying 
voltage to the triangle and sine wave generators. 

21. A power convenor as claimed in claim 20 further comprising a step up 
transformer for increasing the voltage output from the amplifier before it is 
supplied to the filter. 

22. A power convenor as claimed in claim 19. 20 or 21 in which the triangle 
wave generator is as claimed in any of claims 1 to 7. 
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23. A power convenor as claimed in any of claims in which the amplifier is as 
claimed in any of claims 1 0 to 14. 

24. An amplifier comprising signal conditioning circuitry for increasing the 
amplitude of an input signal, wherein the input signal is supplied to a thresholding 
circuit and the thresholding circuit supplies a disabling signal to the signal 
conditioning circuitry in the event that the magnitude of the input signal is below 
a first threshold. 

25. An amplifier as claimed in claim 24 in which the thresholding circuit supplies 
a disabling signal to the signal conditioning circuitry in the event that the 
magnitude of the input signal is above a second threshold. 

26. An amplifier as claimed in claim 24 or 25 in which the input signal is 
amplified before being supplied to the thresholding circuit. 

27. An amplifier as claimed in claim 24 ; 25 or 26 in which the input signal is 
rectified before being supplied to the thresholding circuit. 

28. An amplifier as claimed in any of claims 24 to 27 in which the means are 
provided for dynamically adjusting the first threshold. 

29. An amplifier as claimed in any of claims 24 to 28 including a triangle wave 
generator as claimed in any of claims 1 to 9. 

30. An amplifier as claimed in any of claims 24 to 29 and as claimed in any of 
claims 10 and 12 to 17. 
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